In the present study, develop the multi zone thermodynamic model for the simulation of a small diesel engine operating on the mixture of diesel and ethanol and comparing results with an experiment. This paper discussed analytically and provides data of nitrogen oxide and performance parameters such as power, speci-
Introduction
Three zone thermodynamic model by numerical method which employed three zones for the combustion process: (1) unburned, (2) adiabatic core region, and (3) boundary-layer gas of a internal combustion engine has been studied and since published automotive engineering work by Caton [1] , Sahin [2] and Kodavasal [3] with validated experiment. They documented which have demonstrated the use of novel combustion techniques the new methodology as two zone combustion to achieve low nitric oxide emissions with concurrent high thermal efficiencies. It has attracted great attention due to its superior potential applications, resulting in a reduction in the time scales and costs of the design process experiment or commercial program. For examples in this methodology of two zone thermodynamic model by numerical method and compare with experiments. Hanson et al. [4] provided results from a heavy-duty, direct-injection compression-ignition engine using gasoline with various injection strategies. Their work centered on 1300 rpm operation at two different loads: IMEP of 11.5 and 6.5 bar. Using 41% and 30% EGR, for the high and moderate loads, respectively, they reported low emissions with about 50% net indicated thermal efficiency.
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Kokjohn et al. [5] applied the work of Hanson et al. [4] , but using both a dual-fueled diesel engine and pre-mixed charge compression ignition concept to comparing, resulted in a net indicated thermal efficiency of 50%. In document, he used in-cylinder blends of gasoline and diesel to extend the range of operation of the diesel engine type combustion. They were able to better match the desired ignition and combustion properties to specific (but changing) fuel blends. They demonstrated successful operation for several operating conditions. One such case was a 1300 rpm, 11 bar imep net condition, that resulted in negligible emissions and a 50% net indicated thermal efficiency. This was achieved using an overall lean mixture (u = 0.77), a high level of EGR (45.5%) and an inlet pressure of 200 kPa. Combustion was stable and repeatable. Wilhelmsson et al. [6] presented work that was based on the diesel engine with supercharging using the mixture of natural gas and n-heptane. Although they stated that natural gas appeared to be an ill-suited fuel for pure diesel engine operation, they were able to adopt an operating strategy to minimize emissions while attaining a relatively high efficiency. They reported net indicated thermal efficiencies of 45% and 50% for two cases. In recent paper, the study of two zone thermodynamic model by numerical method of a diesel engine has more focused on equilibrium constants functions were developed by Gill [7] which are lowly-highly temperature dependent, because of a new time specific energy polynomial temperature-pressure function than the old time function of JANAF [8] and CHEMKIN [9] for solving nonlinear equations. In this study, the derivations of governing equations for the reaction combustion equations were performed by assuming 11 combustion products. A system of 11 nonlinear equations appears in the derivation of the reaction combustion equations and it can be solved using Newton-Raphson methods prior to its implementation into MATLAB program [10] . The first example of the new method was presented by Paramust [11] . Since then, other three zone thermodynamic model by numerical method have been reported Buttsworth [12] , Ramachandran [13] , Adnan [14] and Mohammad [15] but with equilibrium constants functions specific energy polynomial temperature function from JANAF as different form this in this methodology. Now a day, some methods have been proposed for three zone thermodynamic model of the combustion systems such as, for examples, a combustion chamber of gasoline engine combustor of gas turbine and premixed combustion flame and alternative fuel combustion. When the parameters of the combustion equation are uncertain or unknown, adaptive equilibrium constants can be solved using numerical techniques as following Ramachandran [13] , Adnan [14] and Mohammad [15] . The thermodynamic model which employed three zones for the combustion process at this present is a three-zone thermodynamic [1 and 2] 1) The working medium was considered a mixture of 11 species.
2) All 11 species were considered as ideal gas of combustion products.
3) The mixture fuels are limited to C H O N a b g d species. The study described in this paper provides the emission that is nitric oxide and performance parameters of a small diesel engine such as power, specific fuel consumption, furthermore also be considered, thermal efficiency and indicated mean effective pressure operating on diesel and ethanol. Results were compared with an experiment Tanakom [16] and [17] .
Modeling and Analysis
A Three-zone, Zero-dimensional model
The following is the derivative version of the equations modified based on Kreiger [18] which using for determination of three-zone of unburned, burned (adiabatic core region) and boundary-layer gas to analyze the rate of temperature, pressure and mass transfer based on equally pressure of a diesel engine. Consider the schematic of an engine cylinder while combustion products are occurring in combustion stroke as in Fig. 1 .
Assumptions: Pressure (P) in the burned and unburned zones is equal, The method is assumed that the fuel-air is supplied from a perfect system (port injection of fuel or induction) and mixed completely. No chemical reactions take place in the unburned zone (zone is said to be frozen)
Quasi-dimensional three-zone combustion model of the Diesel engine
The total cylinder volume and mass is taken up by the burned and unburned volumes and masses only, Determining is defined from Amagat's law [20] . 
The thermodynamic model
The mathematical engine model was applicable in detail mass and energy balance for four stroke diesel engine and is based on three zone thermodynamic analysis of the ideal fuel-air cycle. The method is assumed that the fuel-air is supplied from a perfect system and mixed completely. Mass balance, the equation of state for an ideal gas is, PV mRT
The rate of change of mass within any open system is the net flux of mass across the system boundaries. Hence for a control volume enclosing the air-fuel mixture, we have,
From the first law of thermodynamics,
Taking the derivative of Eq. 2 and 3 as the function of the crank angle q yields as,
Thermodynamic properties
The specific heat change as the function of the crank angle in eq. (2) and eq. (5), those indicate the enthalpy change with respect to temperature and pressure, which was obtained from curve fitted polynomial equation. Table 1 shows the thermodynamics properties expressed as a function of crank angle, pressure and temperature. Where, Lewis [20] has represented the thermodynamic properties of fuels and air Ferguson [21] and Heywood [22] proposed the thermodynamic properties of air and combustion products by the form of coefficient 1 2 3 5 , , ... (5) and combining all the derivatives of thermodynamic properties will enable the pressure and temperature to be expressed as a function of crank angle, pressure, unburned gas temperature and burned gas temperature. 
Internal energy, Volume, Entropy, Enthalpy ln ln ln , ln ln ln
Modified algorithm from Ferguson [21] as following the arbitrary heat release conditions and solving the above equations with appropriate input data enable determination of the indicated work, enthalpy and heat loss throughout the system. Those can be expressed as a function of pressure and temperature.
From the derivatives of eq. (7-9) let us defined the constant term with respect to the combination of the thermodynamic properties equations are, 
3.2 Chemical equilibrium with the fuel mixture The basis of the equilibrium combustion products with fuel mixture model α β γ δ C H O N is a solution to the atom balance equations from the chemical reaction equation of fuel and air forming and the subscript 1 and 2 represent the one of the Diesel and Ethanol respectively as shown in Table 2 . This mixture equation is given in Eq.15 for the condition of equivalence ratio f , where 1 n through 11 n are mole fractions of the product species, e is the molar fuel-air ratio required to react with one mole of air. This process based on the work of modified [21, 22] as given below, 
Where, 1 x is the molar ratio of multi-fuel having the condition,
. There is the conservation of 4 atoms, C,H,O and N from mixture equation, so atom balancing can be written, 
Where, N is the total number of moles and y is the mole fraction. Thus, the total number of mole fraction must be equal to one and this gives, 
Eq. (20-23) have 11 unknowns ( 1 2 3   11 , , .... y y y y ), therefore in order to solve for these 11 unknowns other 7 more equations are needed which may be derived from the consideration of equilibrium among products. The equilibrium constant can be related to the partial pressure of the reactants and products. And the partial pressure of a component is defined relative to the total pressure and the mole faction, thus the equilibrium constant can be rewritten as Table 3 .
The equilibrium constant in Table 3 
Through algebraic manipulations, the ten equations can be reduced into four equations with four unknowns. The equations are nonlinear and solved by using the Newton-Raphson method [10] . Each of these may be expanded in Taylor 
This set of linear equations can then be solved for 3 4 5 6 , , , y y y y and iterative procedures undertaken until the corrections are less than a specified tolerance (  ).
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For convenience, defining following partial derivatives and defining the constant values for a simple studied and the Jacobian of solution are given as Table 4 . Eq.26 may be solved using by Gauss elimination. The second approximation is then       . The process of forming the Jacobian, solving
Eq.24 and calculating new values for   y is repeated until a stop criterion is met, results in the molar concentrations of the 11 product species [11] .
Heat release and Calculation of ignition delay
The rate of heat release from the cylinder walls has been calculated using temperature condition T  of each crank angle for unburned, adiabatic core region and boundary-layer gas is,
In cylinder derivative volume at each crank angle position is calculated as,
The rate of heat release has been estimated from Wiebe's heat release model [21] shown as,
Nitric Oxide Computations
The nitric oxide in exhaust gas is well accepted for calculating from the extended Zeldovich Mechanism [20, 21] . The oxidizing of nitrogen be on the chain mechanism, basic reactions are, N+OH NO+H  (32) These equations can be derived for the change in nitric oxide concentration or can be written in derivation term of time. And the nitrogen atoms are assumed to be in steady state (i.e., the net change of the nitrogen atoms is much smaller than its concentration). The other species, such as N 2 , O 2 , OH, H and O are assumed to be equal to their equilibrium values. For these conditions, the following formation rate for nitric oxide may be derived (eq. 30-32):
Where the terms are: 
Engine Performances
A study of gases as models of internal combustion engines is useful for qualitatively illustrating some of the important parameters influencing combustor performances, that is, the work output CV w from fuel-air cycle. In theoretical of control volume, the combustor performances can be calculated by meaning of the indicated values which the following definitions are done by the gas. That is thermal efficiency, specific fuel consumption and the indicated mean effective pressure. Thermal Efficiency (%, neglected combustion loss) 
Engine and operating conditions
The main engine specifications for numerical simulation are summarized in Table  5 . The engine selected for this study is a small diesel single cylinder, cooling system by radiation method, rated output 6.5 kW at 2400 rpm and configuration with a bore and stroke of 90 and 94 mm, respectively. For the Wiebe combustion parameters, the following values were used as recommended by Heywood [21] , m = 2.0 and a = 5.0 which a moderate load and moderate speed operating condition was examined. Table 6 lists examples of the values of other parameters (and ''how obtained'') which were needed in this work. Table 7 lists some of the parameters for case 1. The engine was assumed that the fuel-air is supplied from a perfect system (by port injection of fuel or induction) and mixed completely. 
Methodology and Discussion
Methodology
The main idea of this study is to complete a systematic assessment of the various features that the resulted are in low nitric oxide and high performance parameters [1] . By considering each feature in a step-by-step fashion, the impact of each feature can be quantified that. The order that the features were added was arbitrary. For the five features considered, equivalence ratio, burn duration angle and engine speed, 19 different arrangement are possible for one output which this study used the mixture percentage of diesel and ethanol fuels such as D100 (Diesel 100%) D90E10 (Diesel 90%, Ethanol 10%) and D70E30 (Diesel 70%, Ethanol 30%) in computed, so the total 57 different arrangement are possible for one output of three mixed diesel fuel. Table 8 is a description of the case: 1 st sequence.
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to fig. 2 , it can be seen that the relative power and SEC results change of engine speed increases, which can be seen from the curves are almost the same of the actual test (Consistent with actual test data from specification engine).
The results of the study as the power was calculated by the methods differ by around 5% or 0.5 kW from the maximum experiment results. The specific fuel consumption was less than 3% or 20 g(Fuel)/kW-hr from experiment results. The results show that the thermodynamic model is consistent with the real test of both models in each engine speed. So, the thermodynamic model can be applied to predict the primary engine for use with other conditions, as shown in the following 6.2 to 6.4. Fig. 3 shows, thermal efficiencies and indicated mean effective pressures for this operating condition for each case as described in Table 7 and Table 8 . The greatest thermal efficiency increases were achieved for the increase of burn duration angel and engine speed and the decrease of equivalence ratio. But, the increase of compression ratio affects resulted in a slight increase. In the case of mixed fuel, the result is higher thermal efficiencies, greater than 10% every time there is a change for the sequence. The maximum is 70% of thermal efficiency for D70E30 (Diesel 70%, Ethanol 30%). And case 3 th , the trend of resulted curve raises thermal efficiency more than other case. Reasons for the increased oxygen content in ethanol. Result in a more complete combustion thus increasing the amount of ethanol that result in greater efficiency. The greatest indicated mean effective pressures increases were achieved for the increase of all case and sequences, but similar value of fuels. The maximum is 1800 kPa (18 bars) of indicated mean effective pressures.
Thermal efficiencies and Indicated mean effective pressures
The condition of resulted burn duration angel was the greater slope of the graph than other types. Fig. 4 shows, powers and specific energy consumption for this operating condition for each case as described in Table 7 and Table 8 . The greatest thermal efficiency increases were achieved for the increase of engine speed (rpm) and the decrease of burn duration angel.
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Powers and Specific energy consumptions
But, the increase of compression ratio and equivalence ratio affect resulted in a slight increase. Diesel fuel (D100) has a higher power than others (D90E10 and D70E30). Power than any other fuel is about 0.25 kW. The condition of round per minute (rpm) reported the greater slope of the graph than other types. The maximum power is 3.6 kW of (D100) and equal of cases. And case 2 nd , the trend of resulted curve raises power more than other cases. The greatest specific energy consumption was achieved for the increase of equivalence ratio and equivalence ratio affect resulted in a slight increase. . Diesel and ethanol blend (D70E30) has higher specific energy consumption than others and diesel (D100) is the minimum value. . The maximum was 245 g/kW-hr of diesel and ethanol blend (D70E30) in case 4th for increased equivalence ratio 0.8 to 0.9. Specific energy consumption, the difference is less than 10 g/kW-hr.
The thermodynamic model results of nitric oxide
The variations of computed NO X emissions and four different cases with five difference sequences are shown in Fig. 5 . It shows that NO X emission with changed diesel and ethanol blend, NO X emission increases were achieved for the increase of engine speed and compression, but, the decrease of equivalence ratio and burn duration angle. The maximum is 330 ppm on case 2 nd on increase the sequence of engine speed and compression ratio. 
Conclusions
The results of the study as the power was calculated by the methods differ by around 5% or 0.5 kW from the maximum experiment results. The specific fuel consumption was less than 3% or 20 g (Fuel)/kW-hr from experiment results. The resulted show that nitrogen oxide has changed very little, corresponding results of various sequence effects. The performance parameters were changed with varying engine computing conditions. Maximum performance parameters were raised by increases the engine speed and equivalence ratio, its can increase the thermal efficiency are approximately value 18-20%.
